EXECUTIVE SUMMARY
Meares Irlen Syndrome (MIS) is a perceptual difficulty associated with visual complaints that appear to be largely alleviated by individually selected color overlay(s) or tinted lenses. The current study was designed to assess the prevalence of MIS symptoms in Navy recruits and evaluate the effectiveness of color overlays in improving reading skills. Based on a selfreported questionnaire, 34.6 % of the enlisted Navy members were symptomatic of MIS, more than the number estimated in the general population. A subset of the sample with moderate to severe MIS symptoms was selected to evaluate the effectiveness of color overlays as an intervention. Readers with MIS symptoms read significantly faster with their chosen overlay than without it. These findings justify further research on overlays as a tool to improve reading skills in individuals with MIS symptoms.
INTRODUCTION
Meares-Irlen Syndrome (MIS) is a reading disability that can be eased by reading text through colored overlays. In 1983 Helen Irlen, an educational psychologist, explained this phenomenon and referred to it as "Scotopic Sensitivity Syndrome (SSS)." Since this condition was first described in detail by Olive Meares (1980 ( , as cited in Stone, 2003 , a school teacher in New Zealand, it appropriately came to be known as Meares-Irlen Syndrome.
According to Irlen (1991) , individuals with MIS primarily experience perceptual distortions such as appearance of movement, blur, or dazzle in the printed text when reading (see Figure 1 ). They may also experience headaches and strained, tired, or sore eyes when reading. As a result, their attention span, motivation, and work production may be affected.
MIS is found to be independent of vision corrections with eyeglasses or contact lenses, as well as corrections for binocular vision (Evans et al., 1995) .
Children and adults with MIS are thought to be highly sensitive to particular wavelengths and frequencies of the white light spectrum. Therefore, bright lights, fluorescent lights, and glossy paper often make reading even more difficult since the increased contrast amplifies the problem of persistent images (Wood, 1999) . In order to rectify this problem, Irlen (1991) developed a procedure for filtering parts of the light spectrum which appeared to be responsible for the visual difficulties experienced by these readers. The goal was to let in as much of the light spectrum as possible without including the parts of the spectrum that seemed to be inducing the problems. Different colors seem to improve the visual image for different individuals, while some colors seem to worsen the distortions. Color overlays are thought to be able to change the contrast between the words and the page and thus reduce or eliminate There is little scientific rationale for expecting color to reduce visual distortions.
Further skepticism has been fueled by Irlen's use of the term "Scotopic Sensitivity Syndrome"
since scotopic refers to the activity of the rods, receptors that are activated at low levels of illumination and is not thought to be involved in color perception (Wilkins, 1996) . However, recent evidence suggests that although the magnocellular system does not contribute to color perception, it may still receive summed input from all 3 classes of cone receptors (i.e., red, green, and blue) and differential dominance of the cone receptor inputs can result in visual distortions (Stein, 2003) .
The phenomenon of MIS and the efficacy of the color overlays still continue to be controversial. Some doctors, such as Eli Peli, a low-vision specialist at the Schepens Eye
Research Institute, argue that the efficacy of the color overlay is not justified by scientific research. According to Dr. Peli, in an effort to help poor readers, special-education teachers continue to use color overlays only because they believe it may help (Lee, 2004) . Dr. John
Ratey, a Harvard Medical School Psychiatrist who specializes in attention deficit disorders, also suggests that Irlen has grossly overestimated the number of people who can be helped by color overlays or filters and is making profit by offering false hope to many people with reading problems (Lee, 2004 (1995) found that children read significantly faster with a chosen colored overlay than without it. These effects took 10 minutes of reading time to occur which further verifies the claims of a progressive distortion of print frequently reported by subjects. Wilkins et al. (1996) also found an immediate and significant increase in reading speed when using color overlays and asserted that based on scientific evidence, color overlays provide a low-cost treatment option for readers with MIS. Bouldoukian, Wilkins & Evans (2002) further verified that improvement in reading speed through overlays could not be attributed to placebo effects or to optometric factors.
In recent years, the techniques for routine diagnosis and effective intervention methods for MIS have been improved and developed. Although Irlen is credited for the original MIS screening method, this method has also been widely criticized because the overlays supplied by the Irlen institute are often restricted to the members of Irlen's organization. More importantly, these overlays do not sample chromaticity systematically, making it difficult to identify the appropriate color required to address some individuals' needs (Stone, 2002) .
In response, Wilkins et al. (1996) developed the Intuitive Overlays which have been used in most research studies. A set of intuitive overlays consists of nine colors. These overlays are designed to sample colors comprehensively by producing a wide range of colors through combining the overlays by placing one over another.
Wilkins also developed the Rate of Reading Test (WRRT; Wilkins et al., 1996) to screen individuals with MIS. In this test, an individual reads a series of randomly ordered common words arranged in a paragraph printed in closely spaced font. Performance is scored based on the number of words correctly read in a minute. Since the test only requires basic word reading skills and little comprehension, performance in this test is relatively independent of cognitive skills (Bouldoukian et al., 2002) . Compared to conventional reading tests, it takes only a few minutes to administer but is nonetheless sensitive enough to reveal the effects of color overlays. Wilkins et al. (1996) demonstrated the Rate of Reading test as a reliable and useful tool in assessing the benefit from color overlays.
Although the mechanisms underlying MIS is still questionable, increasingly convincing scientific evidence has accumulated over the past 20 years to support the conclusion that the reading ability of some individuals can be substantially enhanced if the text is viewed through transparent overlays that have appropriately designed colored tints (Stone, 2002) . The estimated prevalence of MIS depends on the population sampled but ranges from about 15 to 20 percent for the general population to as high as 50 percent in students with reading disabilities (Stone, 2002) .
Currently, many school systems in the U.S. and other countries have MIS screeners.
In some school systems, all students referred for special education must be screened for MIS.
MIS is also recognized by college testing organizations such as the ACT and the SAT (Stone, 2002) .
Although the U.S. military has shown some recent interest in MIS, international military services are much more aware of this issue. The British Royal Navy, for example, screens for MIS on a case-by-case basis and provides overlays and filters as intervention.
Furthermore, several high-profile members of the Royal Navy wear tinted filters or contact lenses on duty (British Royal Navy, 2005).
One of the few studies on MIS within the U.S. military includes a case study conducted by Irvine and Irvine (1997) at the Naval Air Warfare Center (NAWC) Weapons Division. This study tested a dyslexic subject to determine the legitimacy of MIS and develop an experimental methodology to quantify and investigate this phenomenon in Fleet personnel. The authors validated the phenomenon of MIS and demonstrated that energy spectrum presented to the eye of the subject is able to alter the subject's visual and cognitive performance to a significant extent. Irvine and Irvine (1997) further speculated that this phenomenon affects 10 to 20% of service personnel and consequently, affects training and performance of military service personnel. Based on this study, 10 to 20% of naval personnel could perform better if the lighting and the contrast between the paper and the printed material used in training are adjusted according to individual needs. The authors further speculated that this may significantly improve the performance of this subgroup of the training population at minimum cost and with no adverse effect on the rest of the training population.
Objective
The purpose of this study was to determine the prevalence of MIS in Navy recruits and evaluate the effectiveness of color overlays in improving reading skills. The results of this study will be used to raise awareness of MIS and its symptoms and the effectiveness of color overlays as an intervention to improve reading skills. This may eventually improve performance of affected personnel in both training and operational setting.
Military Significance
Performance and retention are the two major issues in personnel research. By raising awareness of MIS and its intervention, Navy recruits with MIS symptoms are more likely to read faster and more accurately and have fewer visual complaints which may enhance overall performance. Furthermore, alleviation of MIS symptoms can also provide relief from headaches, eyestrain, nausea, and fatigue and thus, improve the quality of life (Stone, 2003) .
Consequently, this may reduce attrition, increase retention, and thereby generate savings in training cost.
METHODS

Subjects
A total of 1,076 naval recruits from the Recruit Training Command, Great Lakes volunteered to participate in the study. Out of the total participants 86.4% were male (N = 929) and 13.6% (N = 147) were female. All of the participants passed recruit vision screening and did not have any uncorrected/uncorrectable visual defects. One of the participants did not complete all of the questions in section II of the questionnaire and was consequently excluded from the final analysis. A subset of the participants with self-reported MIS symptoms was selected for further testing (see Figure 2 ).
Materials
Visual Stress Diagnostic Questionnaire. The MIS Screening Questionnaire (Appendix A) was based on a validated visual discomfort questionnaire used in the MIS research protocol at Essex University, Colchester, England. Based on the original questionnaire, 6 questions on brief personal and family history (Section I) and 31 questions regarding visual complaints when reading (Section II) were included in the questionnaire. An additional 20 questions regarding visual complaints during every day activities (Section III) were added to obtain supplemental information. However, analogous to the original questionnaire, only the responses to the questions regarding visual complaints when reading (Section II) were used to score the severity of MIS symptoms.
WRRT. Wilkins' Rate of Reading Test (WRRT; Appendix B) was developed by
Wilkins to measure reading speed and accuracy. In this test, an individual reads a series of randomly ordered common words arranged in a paragraph printed in closely spaced font. Performance is scored based on the number of words read correctly in a minute. Since the test only requires very basic word reading skills and little comprehension, performance in this test is relatively independent of cognitive skills (Bouldoukian et al., 2002) . Based on the original validated questionnaire, only the responses to Section II (visual complaints when reading) were used to classify the participants into a severe, moderate, and mild or asymptomatic category. The responses were rated based on the frequency (i.e., often, sometimes, or never) of the visual complaints (e.g., "Do your eyes skip around when you read?"). A response of "often" and "sometimes" were scored as 2 and 1, respectively, whereas a response of "never" and "don't know" were scored as 0. The scores from each of the 31 questions were then added to calculate the final score. A score between 35-62 was classified as severe, 19-34 was classified as moderate, and 0-18 was classified as mild or asymptomatic.
Following recruit training, 101 volunteers with severe to moderate MIS symptoms were selected from the total participants for further testing. In order to conserve time and resources only the participants who went to "A" school either in Great Lakes, Illinois or in Pensacola, Florida were selected for further testing. The participants were allowed to select the appropriate color overlay of their choice according to the instructions provided. From the set of overlays, the volunteers selected the color that seem to enhance the appearance of the text and then determined their preference for either the matte or gloss side of that color overlay.
The individual choice of color was recorded on a record sheet (Appendix D).
After selecting the individually preferred overlay, reading performance with the selected overlays was then evaluated with the WRRT. The participants were administered 4 trials of the WRRT with 4 different versions of the test. The first and the last trials were always administered without overlay, whereas the second and the third trials were administered with overlay for all participants. The number of words read correctly in 1 minute in each of the trials was recorded on a record sheet (Appendix C).
Once the WRRT was completed, 51 out of the 101 participants were randomly provided with their overlay of choice (color group) and 50 participants were given a neutral density (ND) overlay (placebo group). The participants in the placebo group were told that the neutral density overlay is a composite of all colors and should help them read efficiently. The participants were instructed to use their overlay(s) for reading and classroom activities for a period of 7 to 10 days.
Approximately 7 to 10 days after the WRRT, the participants took the Word Knowledge and Paragraph Comprehension sections of the 1980 version of the ASVAB. The participants in the color group took the test with the color overlay that they had selected, whereas the participants in the placebo group took the test with the assigned neutral density overlay. A group of 50 asymptomatic participants were also included as a control group (see Figure 2 ).
The control participants were asked to take the ASVAB with their choice of overlay. All 151 participants retook the ASVAB under the same lighting conditions as existed in their classrooms, and they were granted identical time periods as had been allocated for the initial ASVAB test. 
RESULTS
The first approach taken in data analysis was to determine the prevalence of MIS symptoms by calculating the number of individuals within severe, moderate, and mild or asymptomatic category. The second approach was to determine the difference in reading speed with and without the overlays by using paired sample t-tests. The significance level was set at 0.05 for the t-test.
Prevalence
The participants were categorized as severe, moderate, and mild or asymptomatic based 
Intervention
The WRRT test trials with and without overlay were combined and averaged to obtain mean WRRT score with and without overlay. Mean score without overlay was then subtracted from the mean score with overlay to calculate the difference in the number of words read correctly within the given time. The mean WRRT score with overlay was 149.39 (SD = 22.3), whereas the mean WRRT score without overlay was 143.37 (SD = 24.6). This difference was highly significant, t (100) = 5.7, p <.001. The improvement in reading speed did not differ based on the severity of the symptoms, t (99) = .62, p > .05. However, it should be noted that the severe category only had 18 participants whereas the moderate category had 83 participants which did not allow a fair comparison between these groups. Interestingly, the WRRT score for the trials without overlay were virtually identical (trial 1: M = 143.5, SD = 25.2; trial 4: M = 143.2, SD = 24.9), whereas the score for the two trials with overlay were significantly different, t (100) = 5.4, p <.001. In other words, participants showed a higher reading speed when they used the overlay for the second time (see Figure 3 ). This implies that perhaps reading skill of MIS readers can improve progressively over time with overlays. The original ASVAB scores on record were compared among severe, moderate, and asymptomatic participants. There was no significant difference in ASVAB verbal subtest scores or in any of the other subtest scores (e.g., General Science, Arithmetic Reasoning, Math
Knowledge, Electronic Information, Auto and Shop Information, and Mechanical Comprehension). Consequently, the participants with MIS symptoms are not any less likely to be assigned to highly desirable schools (e.g., submarines, nuclear, most electronics, etc.) that require an ASVAB score of at least 200.
A subset of the participants with MIS symptoms was tracked to estimate the percentage of MIS recruits assigned to higher level schools. We were able to track 230 of the 295 moderately symptomatic participants and found that out of those 230 participants, 38.7% (N = 89) were assigned to high-level schools. We were also able to track 55 out of the 77 severely symptomatic participants and found that out of those 55 participants 40% (N = 22) were assigned to high-level schools. This indicates that although many of our Sailors may be affected by MIS, they are still qualified to enter into higher-level academics. In other words, MIS can co-exist with other learning disabilities but it does not necessarily result in poor academic performance.
We were unable to perform a meaningful comparison between the ASVAB verbal scores before and after the intervention. A retired version of the ASVAB (1980) was administered in this study in order to preserve the integrity of the current ASVAB. However, we later recognized that the participants originally took the ASVAB after July 1, 2004 which was based on a new 1997 scale, whereas the ASVAB used for this study was based on legacy (1980) scale. Since we were unable to obtain the re-norming equivalency table for the ASVAB verbal section, it was not feasible to perform a comparison.
DISCUSSION
The purpose of this study was to determine the prevalence of MIS in Navy recruits and evaluate the effectiveness of color overlays to alleviate MIS symptoms. As the phenomenon of MIS has not been fully explored within the U.S. military population, the current study was designed to investigate the significance of MIS in Navy recruits.
The results of this study demonstrated that about 1/3 of the Navy recruits had MIS symptoms based on their self-report. The results also suggested that color overlay can be an effective intervention to improve reading speed in MIS readers. The significant increase of WRRT scores with overlay confirmed the immediate improvement with overlays reported in previous literature.
Based on the results of the study, several no-cost interventions such as dimming classroom lights to reduce glare, permitting students to temporarily change background color on assigned computers, etc. should be considered to benefit the recruits with MIS symptoms
The current study, however, has several limitations. Even though all the participants went through recruit vision screening, further testing is needed to confidently differentiate MIS from other optometric conditions such as refractive error, binocular vision anomalies, and accommodative anomalies. Furthermore, the presence of other learning disabilities need to be assessed as MIS can coincide with other learning disabilities.
One of the major limitations of the study was the lack of a control group for the WRRT.
As we did not test asymptomatic individuals with the WRRT as a control group, the possibility of a placebo effect cannot be excluded from this study. Future studies on MIS should include control conditions with asymptomatic participants as well as other control such as varying lighting conditions to further evaluate the effectiveness of the color overlay.
Due to time constraints, this study only included a mechanical reading test to assess the effectiveness of the overlays. However, improvement in reading speed may not be meaningful unless it also involves comprehension. Future studies should therefore include a comprehensive reading aptitude test such as the Gates-MacGinitie Reading Test (GMRT) which is designed to measure both reading ability and comprehension.
Another concern in this study is that after the overlays were issued for 7-10 days, many participants had reported not having used the overlay as often as instructed primarily because of inconvenience. Future studies should evaluate the effectiveness of intervention beyond color overlays, preferably filters (i.e., glasses) or colored contact lenses which are more convenient and suitable to use for a longer period of time.
CONCLUSIONS
The results of this study suggest that a substantial number of Navy recruits are affected by MIS symptoms and further exploration of this issue is warranted. Based on these results, faster reading can be expected from MIS readers with their chosen color overlays. However, due to the limitations of this study we cannot confirm that overlays can improve overall reading aptitude including comprehension which ultimately affects performance in training and operational setting. The results of this preliminary study should be used to raise awareness of MIS and initiate further research on MIS with Navy recruits. Please add up the number of checks in each column, and place that number in the bottom row of each column where it says "Total Checks." So, if you have 15 questions that are "often true" and 10 questions that are "sometimes true," you would put the number 15 in the "Total Checks" column under "1," the number 10 in the "Total Checks" column under "2," and so on. And, again, please add up the number of checks in each column, and place that number in the bottom row of each column where it says "Total Checks," just like you did in the last section.
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